Introduction
Sepiapterin reductase [EC 1.1.1.153J is now known to be involved in the last pathway of the biosynthesis of tetrahydrobiopterin (BH4). The enzyme catalyzes 6-pyruvoyl tetrahydropterin (PPH 4 ), the key metabolic substance in the pathway from GTP. This enzyme was originally defined as the enzyme that reduces sepiapterin specifically. The specificity of the enzyme for sepiapterin has been beleived for the past 20 years. But in 1984 (1) , we found that this enzyme along with NADPH could also reduce various carbonyl substances including diketo compounds other than sepiapterin. This broad specificity of the enzyme for carbonyl compounds indicated that sepiapterin reductase belongs to the group of so-called aldo-keto reductases, especially carbonyl reductase (2) . After this finding, many workers confirmed that both of the vicinal carbonyls of PPH4 can be reduced by sepiapterin reductase alone (3) (4) (5) (6) . The final product of the enzyme is tetrahydrobiopterin (Fig. 1) . When PPH 4 is reduced by sepiapterin reductase with NADPH, the reaction is stepwise. Until very recently katoh pterin (6-hydroxyacetonyl tetrahydropterin); the C2' -keto type was believed to be the sole mono-keto intermediate of the sepiapterin reductase reaction (5, 6) . However, the Cl' -keto type (6-lactoyl tetrahydropterin) § Author to whom correspondence should be addressed. -C-C-CH3 : 
Materials and Methods
Sepiapterin reductase (7) . pyruvoyl tetrahydropterin synthase (3) . dihydroneopterin triphosphate (8) , CI ' -keto type and C2 ' -keto type (9) , and PPH4 (3) were prepared by the previously described methods. Just after the enzymatic synthesis of PPH 4 from dihydroneopterin triphosphate, the PPH4 solution was added by dithioerythritol CDTE) followed by filtration through a Millipore membrane (UFP I TGC BK) to remove PPH4 synthase. BH4 and sepiapterin, dihydrofolate reductase and NADPH were obtained commercially. PPH4 reduction by the purified sepiapterin reductase was perfonned in the reaction mixfure containing 6.3 pM PPH4, 71 pM NADPH, 100 mM DTE and 3-5 mU enzyme in 0.3 M glycine 0.15 M NaCI-HCI buffer (PH 3.8) at 37°C. The reaction was stopped by the addition of trichloroacetic acid (final 0.25 M) and the supernatant solution was analyzed by HPLC after filtratation through a MilIipore membrane. Tetrahydropterins were analyzed \\'ith HPLC columns of ODS (Senshu H-1251, 4.6 X ~50 mm) (4) and SCX (Senshu 1251-N. 4.6X250 :l1m) (10) by means of electrochemical oxidation at ::1)0 mY.
Results and Discussion
Tetrahydropterins in the reaction system were se-;'arated by HPLC according to the previous methods used for the analysis of tetrahydropteridine reactants dUling the PPH4 reduction by sepiapterin reductase (4.6). BH4 synthesis was previously examined at neutral pH. When we incubated PPH 4 with purified sepiapterin reductase in the presence of "IADPH at neutral pH (pH 7.4). only the C2 ' -keto type was actually detected as the intermediate during the reaction.
If we lowered the \1H ·of the reaC\lOn to 3.8, however, we detected e \' -keto type in addition to e2' -keto type significantly during the early phase of the reaction. The complete system of the enzyme containing PPH40 NADPH and the enzyme at pH 3.8 was incubated for 5 min. By the ODS-column (Fig. 2) . besides peaks of C2'-keto type and BH4, a peak of Cl'-keto type was clearly appeared in the complete system (5 mU enzyme). While in the system omitted the enzyme. only PPH4 except tetrahydropterin (H 4 ptr; a major degraded product of PPH4) was seen after the 5 min -incubation.
Time-dependent appearence of CI'-keto type was found in the early time of the incubation (3.7 mU enzyme) by the analysis of the sex column (Fig.   3 ). By this column. unstable PPH4 and CI'-keto type were eluted within rather short time than other ptetins after injection. H 4ptr was eluted distinguishably after BH4 (Fig. 3) . In the complete system of the enzyme reaction, more than 80% of added PPH4 was recovered as tetrahydropterin components (except ~ptr) in the reaction after 5 min-incubation. But these tetrahydropterins are unstable against incubation at this pH for a long time. Then PPH4 was incubated with 'Venous amount of the en"L)'me fOT short penod. According to the increase of the enzyme, C2 ' -keto type and BH4 were predominantly detected than PPH4 and C 1 I -keto type, and finally, only BH4 was found .
From these observations, it was posturated that not only the C2' -keto type but also the C I I -keto type is an intennediate between PPH 4 and BH4 by the sepiapterin reductase reaction under any pH condition.
But the question arose as to why C I I -keto type was not detectable at neutral pH? In order to outline this complicated reaction by the enzyme, possible pathways between PPH4 and BH4 by sepiapterin reductase are presented like this. into C2'-keto type of which novel actlVlty of this enzyme was recently found (9) . ® showes the conversion of each intermediate into BH4 (6,9, 11 , 12) . The compartment ,model of the kinetic scheme was made from it and the interconversion of pteridine reactants have been analyzed by a computer program. Analytical data will be described in detail elsewhere.
